Even though a growing number of studies have found that patients with ankylosing spondylitis (AS) suffer from sexual problems, only very few studies have specifically addressed the relationship between AS and ED. Using a population-based data set, this case-control study aimed to examine the association of ED with a prior diagnosis of AS in Taiwan. We selected 2213 ED patients X40 years old and 17,704 matched controls. We considered the date of the first diagnosis of ED as the index date for cases. Multivariate logistic regression was performed to calculate the odds ratio (OR) and corresponding 95% confidence interval (CI) for the association between previously diagnosed AS and ED. A total of 224 out of the 19,917 sampled subjects (1.1%) had been diagnosed with AS before the index date. Prior AS was found in 42 (1.9%) cases and 182 (1.0%) controls. After adjusting for geographic location, urbanization level, hypertension, diabetes, coronary heart disease, hyperlipidemia, obesity, depressive disorder and alcohol abuse/alcohol-dependence syndrome, multivariate logistic regression revealed that cases were more likely to have been previously diagnosed with AS than controls (OR ¼ 1.58, 95% CI ¼ 1.09-2.19, P ¼ 0.019). There was an association between ED and AS. We suggest that physicians should be attentive to sexual complaints from AS patients in order to refer them to other specialists for multidisciplinary management.
INTRODUCTION
Ankylosing spondylitis (AS) is the prototype of spondylarthropathies and is one of the most common rheumatic diseases. Although it has a worldwide prevalence ranging up to 0.9%, 1 its prevalence varies greatly across ethnic groups. In the United States, which exhibits substantial confounding by race on account of the diversity of its population, AS is found among 0.029% of the population. 2 But, there is substantial variation even among Caucasian populations of varying ethnicities. For example, one investigation in Iceland studying the prevalence of AS reported that a highly conservative number, based only on clinically evaluated patients, yielded a prevalence of 0.10% (confidence interval (CI) 0.09-0.11%). 3 However, in northern Norway, an epidemiological survey conducted in Tromsø gave a prevalence of AS of between 1.1 and 1.4%. 4 The prevalence of AS in Caucasian populations dwarfs that of African populations with one study in Togo, for example, only noting nine Togolese AS patients among all the 2030 patients attending the rheumatology unit of Lomé teaching hospital over a period of 27 months. 5 In Chinese populations, the prevalence of AS more closely approximates that of Caucasians than Africans, with a prevalence reported to range between 0.2 and 0.54%. 6 AS has been observed to affect young adults, with the peak age of onset occurring between 20 and 30 years. 7, 8 Men are more often affected than women, with a ratio of approximately 2:1. 9 Furthermore, the disease also tends to be more severe in men. [10] [11] [12] Owing to the limited spinal mobility that especially accompanies more progressed and severe cases, this disease can result in postural deformities, such as decreases in lumbar lordosis and thoracic kyphosis. 13 All these pathologies can lead to serious functional impairments that highly have an impact on daily living activities and result in an impaired quality of life.
14 Moreover, AS may also negatively affect the sexuality of patients.
Several studies have reported there to be a higher incidence of sexual dysfunction among patients with AS when compared with healthy controls. [15] [16] [17] [18] [19] [20] [21] [22] Although a growing number of studies have found that patients with AS suffer from sexual problems, only a limited number of studies have specifically addressed the relationship between AS and ED. Moreover, the existing literature presents contradictory findings. 15, 23 Therefore, the relationship between AS and ED remains unclear.
To fill the gap in the literature, this case-control study aimed to examine the association between ED and AS by using a nationwide population-based data set to compare the risk of prior AS between patients with ED and matched controls in Taiwan.
MATERIALS AND METHODS Database
We retrieved the data for analysis from the Longitudinal Health Insurance Database 2000, which is derived from Taiwan's Bureau of the National Health Insurance (NHI) records and maintained by the Taiwan National Health Research Institute. The Longitudinal Health Insurance Database 2000 includes the registration files and original claims data for the reimbursement of 1 000 000 beneficiaries under the NHI program. These 1 000 000 beneficiaries were randomly selected from the year 2000 Registry of Beneficiaries (n ¼ 23.72 million) of the NHI. Hundreds of researchers have used the data from the Taiwan's NHI program to perform and publish their studies in internationally peer-reviewed journals. [24] [25] [26] The Longitudinal Health Insurance Database 2000 consists of de-identified secondary data released to the public for research purposes and was therefore exempted from full review following consultation with the Taipei Medical University's Institutional Review Board.
Selections of cases and controls
We first identified 2715 patients who received a principal diagnosis of ED (only including impotence, organic (ICD-9-CM code 607.84)) during ambulatory care visits (including outpatient departments of hospitals or clinics) between 1 January 2006 and 31 December 2008. The diagnosis of ED in Taiwan is based on the results of a self-administered International Index of Erectile Function (IIEF)-5 questionnaire. 27 A translated Chineselanguage version of this questionnaire is used in Taiwan with a score of p21 being considered diagnostic for ED. The Chinese-language version of this questionnaire has been found to be a useful tool in Taiwan, where on account of cultural taboos, self-reporting leads to an underestimation of the true prevalence of ED. 28 We then excluded patients under 40 years old (n ¼ 502). As a result, 2213 patients with ED were included as cases. We used the date of the first diagnosis of ED as the index date for cases.
We randomly selected 17,704 controls (8:1 ratio with cases) from the remaining beneficiaries of the Longitudinal Health Insurance Database 2000. These selected controls were matched with the cases in terms of age group (40-49, 50-59, 60-69 and 469), monthly income (0, NT$1-NT15,840, NT$15,841-NT25,000 and XNT$25,001) and index year using the SAS program proc surveyselect (SAS System for Windows, Version 8.2; SAS Institute, Cary, NC, USA). We assigned the date of the first use of ambulatory care occurring during the index year as the index date for controls. Ultimately, 19,917 subjects were included in this study.
Exposure assessment
In this study, the diagnosis of AS was based on ICD-9-CM codes 720 or 720.0. We only considered AS cases if the AS diagnosis occurred before the index date. The diagnosis of AS under the NHI program is based on the consideration of three factors: the presentation of clinical symptoms, an X-ray of the spine and a Human Leukocyte Antigen (HLA)-B27 test. In order to ensure for high diagnostic validity, we only selected AS cases who had more than one AS diagnosis claim, with at least one diagnosis being made by a rheumatologist. One study by Kang et al. 29 documented the high validity of AS diagnoses in the Taiwan NHI data set.
Statistical analysis
We used the SAS system (SAS System for Windows, Version 8.2; SAS Institute) to perform all the statistical analyses conducted in this investigation. w 2 -tests were used to compare the differences in geographic location (Northern, Central, Eastern and Southern Taiwan), urbanization level of the patient's residence (five levels, with one being the most urbanized and five being the least) and medical co-morbidities including hypertension, diabetes, coronary heart disease (CHD), depressive disorder and hyperlipidemia between cases and controls. We selected these co-morbidities because they have been demonstrated to be associated with ED. Subjects were only considered to suffer from a co-morbid condition if it was diagnosed before the index date. Multivariate logistic regression was performed to calculate the odds ratio (OR) and corresponding 95% CI for the association between previously diagnosed AS and ED. In addition, obesity (defined as body mass index X27 kg m
) and alcohol abuse/alcohol-dependence syndrome were adjusted for in the regression models. We also made sure that the multivariate logistic regression model used in this study had a minimum of 10 events per predictor variable based on prior studies. 30, 31 The conventional Pp0.05 was used to assess statistical significance.
RESULTS
Of the 19 917 sampled subjects, the mean age was 59.0 years with a s.d. of 12.1 years. The distribution of sociodemographic characteristics and medical co-morbidities between cases and controls is presented in Table 1 . After matching for age group and monthly income, cases were demonstrated to have a higher prevalence of the following medical co-morbidities than controls: hyperlipidemia (31.5% vs 20.4%, Po0.001), diabetes (26.3% vs 17.1%, Po0.001), hypertension (44.3% vs 35.7%, Po0.001), CHD (19.5% vs 13.1%, Po0.001) and depressive disorder (13.3% vs 8.0%, Po0.001). In addition, there were significant differences in the prevalence of obesity (0.8% vs 0.5%, P ¼ 0.039) and alcohol abuse/alcohol-dependence syndrome (3.4% vs 1.4%, Po0.001) between cases and controls. Cases were more likely to reside in more urbanized communities (Po0.001) than controls.
The prevalence of prior AS between cases and controls is shown in Table 2 . A total of 224 out of the 19 917 sampled subjects (1.1%) -tests showed that cases had a significantly higher prevalence of prior AS than controls (Po0.001). Correspondingly, multivariate logistic regression analysis indicated that cases were more likely to have prior AS than controls (OR ¼ 1.86, 95% CI ¼ 1.32-2.62, Po0.001). Table 3 presents the covariate-adjusted ORs for ED among the sampled subjects. After adjusting for geographic location, urbanization level, hypertension, diabetes, CHD, hyperlipidemia, obesity and alcohol abuse/alcohol-dependence syndrome, multivariate logistic regression revealed that cases were more likely to have previously been diagnosed with AS than controls (OR ¼ 1.58, 95% CI ¼ 1.09-2.19, P ¼ 0.019). In addition, as expected, all medical co-morbidities including hypertension, diabetes, CHD, depressive disorder and hyperlipidemia were significantly associated with ED.
DISCUSSION
AS is a chronic systemic inflammatory rheumatic disorder associated with the spine and sacroiliac joint that mainly affects young male subjects. There has long been an understanding that AS negatively affects the sexual lives of sufferers, [15] [16] [17] [18] [19] [20] [21] [22] however, the association between ED and AS remains unclear. To the best of our knowledge, this is the first population-based study to investigate the epidemiological association between ED and AS. After adjusting for patient socio-demographic characteristics, co-morbidities, obesity and alcohol abuse/alcohol-dependence syndrome, we found that ED patients had 1.58-fold higher odds of prior AS diagnosis than controls.
Several previous studies have reported on the prevalence of sexual complaints in patients with AS. Ö zgü l et al. 18 reported that approximately 50% of AS patients experienced sexual intercourse, satisfaction and desire problems. Cakar et al. 19 also found that 50.9% of AS patients stated that their sexual life was negatively impacted by their condition. Healey et al. 20 stated that 37.6% of male AS patients reported that the disease had an impact on their sexual relationship. Wordsworth and Mowat 21 surveyed 100 AS patients and reported that 7% had severe discomfort during sexual intercourse, and 27% had mild discomfort. Peker et al. 22 stated that 44.7% of AS patients reported a loss of sexual desire, 52.1% reported problems during sexual activity and 47.9% reported problems concerning sexual satisfaction.
Although there is a growing body of literature on the subject, there is still controversy concerning the presence of an association. For example, Pirildar et al.15 evaluated sexual function in male patients with AS using the validated IIEF. They found that patients with AS have significantly lower erectile function, orgasmic function, intercourse satisfaction and overall satisfaction scores on the IIEF than normal subjects. On the other hand, Bal et al. 23 used IIEF questionnaire to assess ED among 37 male AS patients and healthy controls and failed to detect a difference in the prevalence of ED between the two groups.
This inconsistency in the results of previous studies may be due to differences in patient selection, the number of patients included in the series and methodological differences between study designs. Our findings are consistent with the study conducted by Pirildar et al. and refute to those of Bal et al. We feel that the results of this investigation are robust in comparison with previous studies as the previous studies dealing with this topic used relatively small sample sizes, which may have undermined the strength of their findings and caused them to fail to detect the true difference between the patients with AS and the normal population. This investigation utilized a large-scale population-based data set in Taiwan, which provided sufficient statistical power to fully evaluate the association between ED and AS.
The actual mechanisms contributing to the association between ED and AS are still unclear. Pirildar et al. 15 remarked that the endothelial damage resulting from inflammation may be a crucial link in explaining the association observed between ED and AS patients. There is evidence of a pathophysiological link between inflammation, altered endothelial function and ED. One review study by Vlachopoulos 32 showed that the presence and severity of ED are associated with markers and mediators of subclinical inflammation and endothelial dysfunction. Systemic inflammation may subsequently contribute to endothelial dysfunction, 32 which is central to the pathogenesis of ED. 33, 34 Furthermore, Vlachopoulos et al. 35 also showed that sexual performance assessed by the IIEF-5 score correlates inversely with the levels of circulating endothelial prothrombotic and inflammatory parameters such as fibrinogen, von Willebrand factor and interleukin-1b and interleukin-6.
Another possible source of inflammation stemming from AS regards the class I surface antigen HLA-B27. Although HLA-B27 is a surface antigen shown to be associated with AS, on account of studies in transgenic rat models, it is currently speculated to proceed through the pathways not directly related to antigen presentation. 36 One such pathway may involve its processing. As HLA-B27 is processed more slowly than other class I major histocompatibility complex molecules, it is more likely to result in protein misfolding 37 and trigger the unfolded protein response. 38 This response would be exacerbated in AS patients following the upregulation of HLA-B27 on account of stimulation by tumor necrosis factor-a. 39 Thus, AS patients may experience a chronically activated unfolded protein response. This has been demonstrated to result in a proinflammatory status and to be associated with an increased production of the inflammatory cytokine interleukin-23. 40 In addition to protein misfolding, HLA-B27 Abbreviation: CI, confidence interval. Note: Covariate-adjusted OR was calculated by multivariate logistic regression (conditioned on age group, monthly income and the year of index date) after adjusting for geographic location, urbanization level, hypertension, diabetes, depressive disorder, CHD, hyperlipidemia, obesity and alcohol abuse/alcohol dependence syndrome.
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molecules can also dimerize and subsequently be recognized by cell pattern-recognition receptors, thus triggering an autoinflammatory response. 41 Therefore, there are clues that the ED present among AS patients may arise from endothelial damage secondary to chronic inflammation.
ED is an important worldwide health issue that usually leads to a severe and lasting negative impact on health, quality of life and partnership. 42 Diagnosis and effective treatment of ED among males affected by AS is of great importance, however, many men may not recognize that ED is a treatable medical condition. 43 Moreover, it has been demonstrated in previous studies that most patients with sexual dysfunction do not consult a doctor about their sexual problems. [44] [45] [46] Akkus¸et al. 46 found that only 17.6% of patients with rheumatoid arthritis and AS shared their sexual problems with health-care professionals. Because patients are often too embarrassed to raise concerns about their sex lives, health-care practitioners may be reluctant to inquire about such personal issues. 19, 47 Therefore, public awareness of ED is needed in order to encourage men to consult a physician. Furthermore, rheumatologists should also be alert to the association between ED and AS. While examining AS patients and managing their treatments, special attention must be given to sexual dysfunction. We suggest that an assessment of erectile function should be part of the routine holistic care provided for rheumatology outpatients. Early identification of ED would allow for more prompt referral and appropriate treatment that would help improve their quality of life. On the other hand, those who work in the sexual medicine field should also screen ED patients for a history of AS.
The strength of our study lies in its longitudinal and large population-based database. The large sample size allowed for adjustment of known and important confounders, while maintaining sufficient power to detect associations. Moreover, over 98% of Taiwan's residents are of Han Chinese ethnicity. Although the homogenous population may exempt our study from potential confounding by race, it also means that the results may not be generalizeable to other ethnic groups.
Our findings need to be interpreted with caution because of the following limitations. First, the NHI Research Database uses discharge diagnoses provided by treating physicians. As cases are not defined by any standardized criteria, there is room left for bias due to case misclassification. But, while many physicians in other regions or countries have been noted to code other sexual dysfunctions, such as premature ejaculation or Peyronie's disease, as ED, this is not the case in Taiwan. In Taiwan, premature ejaculation and Peyronie's disease, as well as other forms of sexual dysfunction, are coded differently from ED. Further discounting the possibility of miscoding, all of the ED cases utilized in this study had received at least two ED diagnoses. Finally, the NHI Bureau implements routine sample cross-checks of the claims of every hospital and clinic claims with its medical charts and enforces putative measures for coding infractions. Therefore, it is generally believed that the NHI's checks and balances foster accurate coding.
In any case, we feel that Taiwanese cultural taboos were beneficial to the diagnostic validity of ED. 48 This is particularly the case as prescriptions for the treatment of ED are not covered by the NHI program. Therefore, there is no incentive for a Taiwanese to be diagnosed, and only Taiwanese that were truly suffering would admit to having such a shameful condition.
Second, while we ensured that none of the controls had ever been previously diagnosed with ED, the raw scores of the IIEF were not available from the administrative database used in this study and we could not be sure if any of the controls had ever taken the IIEF. In any case, if any controls had visited a physician for ED and taken the IIEF, we can be sure that they did not score highly enough to warrant a diagnosis of ED as they did not receive a diagnostic code. Furthermore, if any controls were indeed suffering from ED but were not diagnosed on account of not seeking medical care or underestimating their symptoms when responding to the IIEF, their inclusion in the control group would have worked to bias our results toward the null making for a more conservative estimate.
Third, the NHI Research Database lacks clinical information and therefore did not allow us to differentiate between the severity and/or disease activity among AS study participants. We also were unable to determine if any of the patients with AS were taking nonsteroidal anti-inflammatory drugs to treat their pain. This could have had a confounding effect on the results of this investigation as AS is a painful condition, leaving patients more likely to take medication for pain relief, and nonsteroidal antiinflammatory drugs have been suggested in a recent study to be associated with ED. 49 Fourth, a number of potentially important lifestyle factors including smoking, alcohol consumption, family history and dietary habits were not available to us in the administrative data set used in this study. Although we did adjust for obesity and alcohol abuse/alcohol-dependence syndrome, it is possible that the associations detected reflect some degree of residual confounding of these factors.
Lastly, as this study was cross-sectional, it was not possible to determine the direction of any causality, and therefore could not suggest whether factors such as AS cause ED or whether the presence of ED cause AS. This should be considered in future prospective studies.
Despite these limitations, this study still provides a picture of the association between ED and AS. We suggest that physicians be alert to the association between ED and AS, and be more attentive to sexual complaints from AS patients in order to propose a therapy or to refer them to other specialists for multidisciplinary management. Moreover, we recommend that future studies be conducted in other regions and among other ethnic groups to explore the associations between ED and AS in order to reveal general patterns worldwide, as well as to better elucidate the mechanisms underlying these associations.
